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WI ABmcr 
2,Ldinitropropyl 2-nuoro-2,2-dinitxoethyI formal 
which is prepared by the following proctssts: 

(1) 
CH3C(NO&CH20H + CF(NO&CHIOH + CH+#f+ 

ALCl3 
CH3C(N&)$H2OH + CH20*-> (2) 

6 Chhs, No Drawings 
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BACKGROUND OF THE INVENTION 

tropropyl) formal (BDNPF) and bis(24 uoro-2,2dini- 
troethyl) formal (FEFU) were used. However, FEFO 
is volatile and toxic while BDNPF is low in energy and 
tends to crystalize out. Thus FEFO and BDNPF 
tended to separate through evaporation, migration, or 
crystallization. 

This invention relates to organic formals and more Two processes for preparing 2,24nitropropyl 2- 
particularly to polynitro organic formals. fluoro-2,2dinitroethyi formal are illustrated by exam- 

Bis(2-fluoro-2,Sdinitroethyl) formal (FEFO) and 
Bis(tJdinitropropy1) formal (BDNPF) are &d as I0 

ples 1 and 2 below. In the fmt process (example I), 
2,2-dinitropropanol, 2-fluoro-2,2-dirritr~~h~ol, and 

energetic plasticizers in explosive and propellant com- formaldehyde (added as paraformaldehyde) are reacted 
positions. FEFO has a high energy content but is vola- in a 14 : 1 molar ratio in 75% to 80% sulfuric acid. The 
tiIe and toxic and has a relatively high melting point. parafcmaldehyde is first dissolved in the sulfuric acid. 
BDNPF is low in energy and has an even higher melt- 
ing point, requiring the use of an energy-decreasing 15 

A equimolar mixture of the two alcohols is then added 
to the sulfuric acid reaction mixture. During this addi- 

melting point depressant. Mixtures of FFFO and 
BDNPF can be used to obtain a lower melting point 

tion, the reaction mixture is kept at a temperature in the 

and intermediate levels of energy and volatility, but the 
range of from above the freezing point of the mixture up 

improvements in melting poii~t and volatility are small 
to room temperature, but preferably in the range of 

at the eutectic composition of approximately 70% 20 
from - 5” C. to 5” C. This is done by stirring and exter- 

FEFO and 30% BDNPF. 
nal coo1ing. The mixture is allowed to react fur several 
hours. 

SUMMARY OF THE INVENTION 
Accordingly, an ubject of this invention is to provide 

a neu’ organic compound. 25 
Another object of this invention is to provide an 

improved energetic plasticizer having a low melting 
point and low vapor preSssure. 

A fwlther object of this invention is to provide an 
improved energetic plasticizer having a high oxygen 30 
content. 

The product is then extracted out by conventional 
means as illustrate by example 1, The organic solvent 
used for extraction in example 1 was dichlorornethane, 
but similar inert chlorohydrocarbon solvents such as 
1,2-dichloroethane and 1,1,2-trichloroethant may also 
be used. 

Yet another object of this invention is to provide an 

PC 
improved energetic plasticizer which has good thermal 
stability. 

A still further object of this invention is to provide a 35 
method of preparing a new organic compound. 

These and other objects of the invention are accom- 
plished by providing 2,2-dinitroptopyl 2-fluaro-2,2- 
dinitroethyl formal. This formal is produced by reacting 
formaldehvde, 2,2-dinitropropanol, and aluminum chlo- 40 
ride to prkduce chloromethyl 2,Ldinitropropyl ether, 
This ether is then reacted with 2-nuoro-2,2-dinitroe- 
than01 in the presence of titanium tetrachloride as a 
catalyst to produce the desired 2,2-dinitropropyl 21 
fluoro-2,2-dinitroethF1 formal. A second method of’ 45 
preparation is to react 2,2=dinitroprapanol, Mluoro-2,2= 
djnitruerhanol, and formaldehyde in 75% to 80% sulfu- 
ric acid to produce the 2,Sdinitropropyl 2-fluoro-2,2- 
dinitroethyl formal. In both processes the product 2,2- 
dinitropropyl Muoro-2,2=dinitroethyl formal can be 50 
separated from the by-products of the reaction via pre- 
parative liquid chromatography. 

2,2-dinitropropyl 2-fluoro-2,2-dinitroethvl formal is 
useful as an energetic piasticizer for probellants and 
explosives. 55 

DETAILED Dl3CRIPTIQN OF THE 
PREFERRED EMBODIMENTS 

The product is a titure of approximately 80 percent 
of the unsymmetrical 2,2&nitropropyl 2-fIuoro-2,2- 
dinitroethyl formal and 20 percent of the symmetrical 
bis(2,2-dinitropropyl) formal and bis(2-fluoro-2?2-dini- 
troethyl) formal. This mixture is useful as an energetic 
plasticizer with substantially less tendency to separate 
than a binary eutectic mixture of the symmetrical fur- 
mals. However, if it is preferred to use pure unsymmet- 
rical 2,2-dinitropropyl 2-fluaro-2,2-dinitroethyl formal, 
the pure unsymmetrical formal can be obtained bq’ pre- 
parative liquid chromatography as illustrated in exam- 
ple 2. 

In the second method of preparing unsvmmetrical 
2,2=dinitropropyl 2-f’luoro-2,2wdinitroethyl formal (ex- 
ample 2) alf the following reactions are carried out in an 
atmosphere of dry, inert gas (e.g., argon, neon, nitro- 
gen), First, aluminum chloride is added to a solution of 
equal molar parts of formaldehyde (as trioxane) and 
2,2-dinitropropanol which is agitated (e.g., stirred) and 
cooled to a temperature of about -5” C. to room tem- 
perature, but preferably from -5” C. to 5” C. Any 
suitable inert solvent. such as dichloromethane, 1,2- 
dichloroethane, or 1,1,2-trichloroethane may be used as 
the solvent. The reaction mixture is then kept at ambient 
(room) temperature until the product chioromerhyl 
2,2-dinitropropyl ether is formed, The product ether is 
then isolated by conventional means as illustrated in 
example 2. 

The present invention provides a neu: compound 
2,2-dinitropropy3 2-fiuoro-2,2-dinitroethy~ formai hav- 6o 
ing the formula 

C~~C(TJ02)2C~tOCH~OC~~CF~O2~2- 

P This unsvmmetrical formal combines the 2,2-dinitro- 65 
propq’l and 2-fluoro-2,2-dinitroethyl moieties into the 
same molecule; thus, they can not be separated. In con- 
trast, in the prior art. physical admixtures of bis(2,2-dini- 

Next, the chloromethyl 2,Zdinitropropvl ether is 
reacted with an equal molar amount of Z- -fiuoro-2.2- 
dinitroethanol in the Dresence of titanium tetrachloride 
as a ca@!yst. The rektion mixttlre is heated at from 
about 50” C to about 90” C., but preferably from 80” C. 
to 90” C., until the product 2,2-dinirropropyl 2-fluore- 
2,2-dinitroethyl formal is formed, Again the product is 
Mated by conventional means (e.g., see example 2), ,%s 
in method l? the product is a mixture of arproximatelv 
80 percent of the unsymmetrical 2Ldinitropropyl 2- 
fluoro-2,2-dinitroethyl formal and 20 percent of the 
symmettical bis(2.2-dinitroproy)‘]) formal and bis(2- 

. 
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fluoro-2,2-dinitroethyl) formal. This mixture is in itself 
useful as an energetic plasticizer; if the pure 2,2dnitro- 
propyl 2-fluoro-2,2-dinitroe~hy~ formal is preferred. It is 
isolated from the mixture by preparative liquid chroma- 
tography as illustrated by example 2. 

To more clearfy illustrate this invention, the follow- 
ing exaqles are presented. It should be understood, 
however, that these examples are presented merely as a 
mea~ls of illustration and are not intended to limit the 
scope of the invention in any way. 

solution was heated at 90’ C, for 18 hours. After cool- 
ing, the mixture was poured over crushed ice contain- 
ing some sulfuric acid and stirred until the organic 
phase was clear. After separation the organic phase was 
washed with 0.1 N NaOH and with water, dried 
(MgSQ4) and stripped to give 2.j g oil which by NWX 
and GPC analysis consisti of approximately 80% of 
the title compound and 20% of a mixture of symmetri- 
cal bis(2,2dinitropropyl) formal and bis(2Aluoro-2,2a 
dititroethyl) formal. 

EXAMPLE 1 

2-2-dinitropropyl 2-fluoro-2,2=dinitroethyl formal 
preparation in sulfuric acid 

Three grams’ of paraformaldehyde was dissolved in 
50 ml 80% sulfuric acid. With stirring and cooling (ice- 
bath), a mixrure of 16 g 2,2,2-fluorodinitroethanol and 
15.5 g 2Jdtitropropanal was added rapidly, and the 
reaction mixture was stirred 20 hours at room tempera- 
ture. The product was extracted into dichloromethane 
and the extracts were washed with one 100 ml and two 
50 ml portions of 0.1 N NaOH, then with water, and 
were dried over MgS04. Removal of the solvent in 
vacua gave 25 g (76%) of an oil which consisted by 
nuclear magnetic resonance (NMR) analysis of approti- 
mately 80% unsymmetrical md 20% symmetrical for- 
mals. The use of 75% sulfuric acid decreased the yield 

. somewhat but did not strongly affect the product corn- 
position; however, the use of more concentrated sulfu- 
ric acid increased the FEFU content of the reactjon 
product at the expense of unsymmetrical formal. 

The product 2,2-dinitropropyl 2-fluoro-2,2-dinitro- 
ethyl formal was isolated by preparative liquid chroma- 
tography as described below in example 2. 

EXAMPLE 2 
2Jdinitropropyl 2-fluoro-2,2-dinitroethyl formal from 

chloromethyl 2,2-dinitropropyl ether 

8.8 grams of aiuminkn chloride was added rapidly to 
an ice-cooled solution uf 9.9 g 2,2-dinitropropanol and 
2.0 g trioxane in XI ml dry dichloromethane under a 
nitrogen atmosphere. The mixture was stirred 2 days at 
room temperature, then it was poured onto crushed ice 
and the mixture stirred vigorously until all aluminum 
precipitates had dissolved (addition of some sulfuric 
acid may be required). The product solution was sepa- 
rated, the aqueous phase extracted with dichlorometh- 
ane? and the extracts washed rapidly with a near satu- 
rated, ice cold sodium hydrogen carbonate solution. 
After drying (MgSO.+) the solvent was evaporated in 
vacw to give 12.0 g (92%) crude chloromethyl dinitro- 
propyl ether, putity 98% by gas-liquid phase chroma- 
tography (GLPC). W NMR (CDC13): 62.18, s (3H); 
4.49 (2, ZH); 5.44 (s,2H). 

To a soiution of 1.5 g 2-fluoro-2,2-dinitroethanol and 
2.0 g crude chloromethyl 2,2-dinitropropyl ether in 10 
r111 dry ethylene dichloride under a nitrogen atmosphere 
was added ren drops titanium tetrachloride and the 

4 

Pure 2,24titropropyl 2-fIuoro-2,2-dinitroethyl for- 
ma3 was obtained from this mixture or that of example 1 
by preparative liquid chromatography. A solution of 
the formal mixture in dichloromethane/‘hexae (7:3) 
was chromatographed oa silica gel with the san~e sol- 
vent and the progress of the separation monitored by 
NMR- TWO or three passes through the column were 
required for complete sepatation. The pure title corn- 
pound was obtained BS a pale yellow oil which did riot 
crystike on extended storage. The density was found 
to be 1.50 g/cm? 

Analysis. Calculated for C3?9FN4010: C, 22.79; H, 
2.87; F, 6.01; N, 17.22, Found; C, 22.50; H, 3.01; F, 6.40; 
N, 17.67. 

To thuse skikd in the art, many modifications and 
variations of the present invention are possible in light 
of the above teachings. It is therefore to be understood 
that the present invention can be practiced otherwise 
than as specifically described herein zand still be within 
t&t sptit and scope of the appended claims. 

What is claimed and desired to be secured by Letters 
Patent of the United States is: 

I. 2,2dinitropropyl 2-fluoro-2,2ldinitroethyl formal. 
2, A method of preparing 2,2dinitropropyl 2-fluoro- 

Z,Z-dinitroethyl formal by the following steps in order: 
(1) reacting one mole of formaldehyde with each 

mole of 2,2=dinitropropanol in the presence of an 
excess of ah~minum chloride to produce chloro- 
methyl 2,2=dinitropropyl ether; 

(2) isolating the product chIoromethyl2,2-dinitropro- 
pyI ether; 

(3) reacting one mole of 2-nuoro-2,2cdinitroeth~ol 
with each mole of chloromethyl 2,2dinitropropyl 
ether in the presence of titanium tetrachloride to 
produce 2,2-dinirropropyl2-fluoro-2,2-dinitroethyl 
formal; and 

(4) isolating the product 2,Zdinitropropyl 2-fluoro- 
2,2dinitroeth yi formaf. 

3. The process of claim 2 wherein steps (I) and (3) are 
performed in an atmosphere of a dry inert gas. 

4. The process of cXm 3 wherein the reaction tem- 
perature in step (1) is from - 5’ C. to 5’ C. 

5. The process of claim 3 wherein the reaction tem- 
perature in step (3) is from SO’ C, to PO’ C, 

6. The process of claim 3 wherein a catalytic amount 
of titanium tetrachlotide is used in step (3). 

I) * l * k 


